INTRODUCTION {#sec1-1}
============

Cystic lesions of the pancreas consists of pseudocysts, congenital cysts (sometimes called simple cysts), and cystic neoplasms.\[[@ref1]\] Ninety percent of pancreatic cystic lesions (PCLs) are benign nonneoplastic processes such as pseudocysts.\[[@ref2]\] PCLs may be incidentally identified in asymptomatic patients or in patients with symptoms of biliary obstruction, pancreatitis, or abdominal pain. Patients who are symptomatic generally proceed to surgical resection. As a result of better radiological imaging, these lesions are being observed more frequently.

Pancreatic cystic neoplasms (PCNs) account for 10-15% of pancreatic cysts\[[@ref3][@ref4]\] and can be divided into nonmucinous (benign) and mucinous (premalignant or malignant) cyst. Nonmucinous cysts include serous cyst adenomas (SCAs) and cystic neuroendocrine tumors. SCAs are a benign type of PCNs that rarely get malignant.\[[@ref5]\] Mucinous lesions include mucinous cystic neoplasms (MCNs) and intraductal papillary mucinous cystic neoplasms (IPMNs) and may be premalignant or malignant.\[[@ref6][@ref7]\]

Accurate diagnosis of these cysts is important, because mucinous cysts have the potential for malignant transformation and surgical resection should be considered.\[[@ref8][@ref9][@ref10]\] Computed tomography (CT) and magnetic resonance imaging (MRI) have been used to characterize the morphology of PCLs. Conventional radiologic criteria alone are generally inadequate for distinguishing between benign and neoplastic PCLs. Endoscopic ultrasound (EUS) has become the preferred modality for diagnosing and localizing PCLs. EUS-guided fine-needle aspiration (FNA) for tumor cytology or for tumor marker immunoassay has emerged as one method for effectively identifying carcinoma and/or distinguishing mucinous from serous cystic lesions.\[[@ref11][@ref12]\]

There is insufficient data about extra-pancreatic cysts (EPC) in patients with PCLs. Zhang *et al.*, reported the prevalence of liver cysts in 16.6% and renal cysts in 51.9% in 283 pancreatic cyst patients.\[[@ref13]\] A more recent study reported a prevalence of 54.8% for EPCs among patients with PCLs.\[[@ref14]\] The objective of this study was to compare the prevalence of EPCs in patients with and without PCLs after exclusion of known syndromes with such findings (Von Hippel-Lindau (VHL) disease). Secondary objectives included finding association of EPCs with different types of PCLs.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 470 EUS studies for pancreatic lesions were reviewed from April 2006 to September 2009. Among these, 191 patients with PCLs were identified. As a comparable control group, 190 matched (age and sex) patients were selected. The patients in the control group had undergone EUS for indications other than evaluation of PCL. An additional 2-year follow-up period without additional patient recruitment ensued. The analysis was approved by our Institutional Review Board. Baseline demographic data (age, gender, and presenting signs and symptoms), EUS findings, EUS-guided FNA results, operative findings, cytopathology, histopathology, and immunocytochemistry results were reviewed and recorded. EUS was performed by board certified endosonographers who had completed an additional year of training. During each procedure, the following were noted: Cyst size, echogenicity, consistency, shape, and margins of any visible pancreatic lesions and the features of any fluid aspirated. A curvilinear echoendoscope (Olympus GF-UC140P-AL5 (Olympus America, Center Valley, PA, USA) with ProSound Alpha 5 or Alpha 10 (Aloka, Wallingford, Conn)) was used to evaluate and perform EUS, while FNA of PCLs was performed with a 22- or 25-gauge needle (EchoTip Cook Medical, Bloomington, USA). Color Doppler US was used to identify major vessels in the projected needle path. One pass was performed for cystic lesions and a minimum of two passes were obtained for mixed (cystic + solid) lesions. Cyst fluid when aspirated was processed for amylase, carcinoembryonic antigen (CEA), and cytology. All CT examinations were performed onsite with the use of multidetector technology (MDCT). The MDCT images and reports were evaluated for the presence of EPC in PCL patients and controls.

 {#sec2-1}

### Statistical methods {#sec3-1}

Data were presented as numbers and percentages for categorical variables and as mean ± standard deviation (SD) and range (minimum, maximum) for continuous variables. All statistical analyses were performed using Statistical Package for Social Sciences (SPSS), version 20 (IBM Corporation, Somers, NY). Chi-square test was used for analysis of categorical data. A *t*-test was used to compare differences in continuous variables between groups. Binary logistic regression was performed for multivariate analysis and results were presented as odds ratios (OR) and 95% confidence interval (CI). Statistical significance was defined as *P* - value ≤ 0.05.

RESULTS {#sec1-3}
=======
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### Characteristics of patients with PCLs {#sec3-2}

Among a total of 191 patients identified with PCLs, one patient with a diagnosis of VHL disease was excluded from the analysis. Majority of the patients were female (60%) with mean age ± standard deviation of 66.12 ± 12.02 years. The demographics, clinical presentation, and locations of the PCLs are as described in [Table 1](#T1){ref-type="table"}. A solitary cyst was observed in 131 (68.9%) patients. While 93 (48.9%) patients were asymptomatic, complaints of abdominal pain (*n* = 54), weight loss (*n* = 20), back pain (*n* = 14), and jaundice (*n* = 8) were observed in the symptomatic patients. Pancreatic EUS morphology showed unilocular cyst in 108 (56.8%) patients, and mixed type (cystic + solid) in 82 (43.2%) patients. Median PCL diameter was 28.50 ± 18.1mm. Diagnostic EUS-FNA was performed in 171 (90%) patients. No complications related to the procedure were observed. Cytopathology evaluation resulted in majority (73, 42.7%) of the diagnostic aspirations demonstrating benign epithelial cells, while 37 (21.6%) were mucinous cysts and 18 (10.5%) were adenocarcinomas. Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} shows example of patients with PCLs and EPCs.

###### 

Characteristics of pancreatic cysts

![](EUS-4-219-g001)

![CT and EUS in a 77-year-old woman. (a) CT liver cyst in segment VI, small cyst in right kidney, 106 mm × 84 mm cystic lesion in tail of pancreas, and (b) 27 mm cystic lesion in the spleen. (c) EUS view of large multicystic lesion (37 mm × 37 mm) in pancreatic Tail and (d) EUS-FNA of pancreatic cyst. CT = Computed tomography, EUS = Endoscopic ultrasound, FNA = Fine-needle aspiration](EUS-4-219-g002){#F1}

![CT and EUS of a 81-year-old man. (a) Multiple liver cysts, (b) liver cyst, and 15 mm × 12 mm cyst in the head of the pancreas. (c) Liver cyst and thin cyst in right kidney. (d) EUS view of 11 mm cystic lesion in the head of the pancreas](EUS-4-219-g003){#F2}

### Prevalence of EPC in cases and controls {#sec3-3}

From the EUS database, 190 patients comparable for both age and sex (54.2% female, mean age: 64.26 ± 10.35 years) were selected as the control group. In the control group, 124 had normal pancreas and 66 had solid pancreatic lesions. [Table 2](#T2){ref-type="table"} depicts distribution of EPCs in both the study and control group. Among patients with PCLs, an EPC was observed in 97 of 190 (51.05%) patients. These included cysts in the liver (61, 32.1%) followed by renal cysts (57, 30%) and cysts in other organs (7, 3.7%). The prevalence of EPCs was 42.9, 34.5, and 10.7% in patients with simple cysts, mucinous cysts, and pancreatic adenocarcinomas, respectively.

###### 

Distribution of extrapancreatic cysts in patients with pancreatic cystic lesions and control group
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In the control group, EPC was observed in 35.3% (*n* = 67) patients of which liver cysts (30, 15.8%), renal cysts (39, 20.5%), and cysts in other abdominal organs (3, 1.6%) were observed respectively. Comparing the two groups, presence of PCL was associated with higher odds of having a liver cyst (OR 2.52, 95% CI 1.5, 4.3, *P* ≤ 0.001) and a renal cyst (OR 1.66, 95% CI 1.01, 2.73, *P* = 0.04). No significant differences were found among the groups regarding the size of liver cysts or renal cysts (*P* = 0.23 and 0.94, respectively).

By univariate analysis, among patients with PCLs, the prevalence of liver cysts was higher in those with renal cysts and increased age \[[Table 3](#T3){ref-type="table"}\]. Presence of renal cysts with PCLs was associated with the male gender, presence of liver cyst, increasing age, and increasing number of liver cysts. None of the cytological findings were associated with higher chance of finding liver or renal cysts \[[Table 3](#T3){ref-type="table"}\].

###### 

Univariate analysis of cysts in liver and kidney among patients with cystic pancreatic lesions
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Following multivariate analysis, among patients with PCLs, higher age was associated with higher prevalence of liver cysts (OR 1.05, *P* = 0.003, 95% CI 1.02, 1.08) and renal cysts (OR 1.05, *P* = 0.004, 95% CI 1.02, 1.1). Male gender was associated with higher chance of finding renal cysts in patients with PCL (OR 2.17, *P* = 0.021, 95% CI 1.13, 4.19).

Grouping all EPCs together, multivariate analysis revealed that patients with PCLs who had EPCs tend to be older than patients with only PCLs (OR 1.06, 95% CI 1.03, 1.09, *P* ≤ 0.001) \[[Table 4](#T4){ref-type="table"}\]. There were no significant statistical differences between these groups when compared for type of cyst, cytopathology result, or cyst location in the pancreas.

###### 

Univariate analysis of all extrapancreatic cysts in patients with pancreatic cystic lesions
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DISCUSSION {#sec1-4}
==========

Patients with VHL and polycystic kidney disease are known to have cysts in multiple intra-abdominal organs.\[[@ref15]\] In patients without this disease, there is limited data about association of PCLs with EPCs.\[[@ref13][@ref14]\] Zhang *et al.*, evaluated the prevalence of pancreatic cysts in 1,444 patients with MRI. Among 283 (19.6%) patients who had at least one pancreatic cyst, the prevalence of liver and renal cysts were found to be 16.6% (47/283) and 51.9% (147/283), respectively.\[[@ref13]\] Agrawal *et al.*, reviewed 156 patients, of whom 85 (54.8%) had PCLs and at least one EPC. The most common type of PCL was a serous cyst and the most common EPC was a cyst in the kidney and the authors suggested a genetic evaluation in such patients since this could represent attenuated manifestation of diseases like VHL.\[[@ref14]\]

Our study is unique for the following findings. First, the presence of EPCs in patients with PCLs was compared with a comparable control population evidencing their higher prevalence. Secondly, the finding of a liver cyst was the most common EPC in patients with PCL. Thirdly, that advancing age was associated with higher prevalence of EPCs in patients with PCLs. Cystic lesions of the liver have a broad differential diagnosis including simple cysts, polycystic disease, hemangiomas, abscesses, hydatid cysts, necrotic neoplasms, Caroli\'s disease, and other rare causes.\[[@ref16]\] Nonparasitic liver cysts are relatively common, which can affect up to 5% of the population.\[[@ref17]\] Simple renal cyst is the most common form of renal cystic disease with reported incidence of 4.8% in ultrasound studies and 24-41.2% in CT studies.\[[@ref18][@ref19]\] The prevalence of liver cysts in patients with PCLs (32.1%) was similar to a recent study\[[@ref14]\] (30.6%) evaluating presence of liver cysts in patients with EUS-guided detection of PCLs. This is a higher prevalence than prior reported MRI-detection of PCLs and EPCs (16.6%).\[[@ref13]\] The prevalence of renal cysts in patients with PCLs (30%) was lower than prior reported associations where 88.2% prevalence of renal cysts with EUS-detected PCLs and 51.9% prevalence of MRI-detected renal cysts with PCLs were reported.\[[@ref13][@ref14]\] This might be explained by differences in the populations examined, diagnostic methods, techniques, and experience of the examiners.

The prevalence of simple renal and hepatic cysts using spiral CT in 617 patients was 41 and 18%, respectively, with increasing incidence of both with advancing age.\[[@ref18]\] Liver cysts grow slowly and solitary cysts are not usually diagnosed before the age of 40 years. The incidence of liver cysts rises with age and they are found frequently, although incidentally with abdominal US or CT.\[[@ref20]\] Renal cysts are rarely observed before the age of 40 years and prevalence increases with age and they are more common in men.\[[@ref21]\] In the present study, among patients with PCLs, a higher percentage of renal and liver cysts were seen with increasing age and the prevalence of renal cysts was slightly greater in men.

We did not find any association between type of pancreatic cyst based on FNA and presence of EPC. There were a significant number of unknown pancreatic cysts where FNA demonstrated benign ductal epithelial cells. Additional criteria based on CEA levels below 192 ng/mL were applied. Continued follow-up of cysts with CEA levels between 0.5 ng/mL and 192 ng/mL with imaging studies and EUS has been suggested.\[[@ref22]\] The associations with EPCs could have changed over long-term follow-up with eventual diagnosis of PCLs.

Among the limitations including inherent issues with retrospective studies, final pathology was not available in all patients. FNA was not performed for all PCLs. Surgery was performed only if PCLs satisfied criteria for resection or when there was a high suspicion or confirmation of malignancy. Diagnosis of PCLs continues to be challenging, especially when FNA yield is not conclusive and CEA values are below 192 ng/mL. There is likely a component of selection bias with a low prevalence of benign pancreatic diseases and chronic pancreatitis referred for evaluation to a tertiary cancer center accounting for the low number of benign PCLs. A family history of VHL and/or adult polycystic kidney disease was not available in all patients. Whether MRI would have detected more EPCs than multidetector CT is another issue to be considered.

In conclusion, the prevalence of EPCs was found in half of the patients with PCLs and was significantly higher than a comparable control group. Liver and renal cysts are the most common EPCs, the prevalence of which increases with age. Prospective investigation incorporating genetics studies may provide answers to some of the questions.
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